The genetic architectures of 12 behavioural variables measured in adult male mice placed in a novel environment were analysed in a replicated 4 x 4 diallel cross. The results were combined with those obtained in a classical cross involving two of the four strains. Based on the hypothesis of an evolutionary history of stabilising selection for mouse exploratory behaviour, we expected additive genetic effects and ambidirectional dominance. Such genetic architectures were actually found for those exploratory behaviours where epistatic effects were of minor importance. Similar findings emerged for some non-exploratory phenotypes. All behaviours analysed appeared to be polygenically controlled.
INTRODUCTION
Exploratory behaviour in rodents is elicited by novel stimuli and consists of behavioural acts and postures that permit the collection of information about new objects and unfamiliar parts of the environment (Barnett, 1958; Barnett and Cowan, 1976; O'Keefe and Nadel, 1978) . To measure this behaviour, many different devices have been employed such as mounted cages, photocell cages, running-wheels, open-fields, and stabilimeters.
One of the most frequently used is the open-field, in which mice display a rich and varied behavioural repertoire (van Abeelen, 1963) . The adaptive value of exploration seems clear: entering and exploring new places promotes dispersion and improves the chances of finding life necessities (food, shelter, and escape routes).
Because natural selection in evolutionary history must have influenced the genetic architecture of this behavioural phenotype, the latter should show traces of the past selection. Broadhurst and Jinks (1974) , Mather (1973) , and Roberts (1967) , following Fisher (1958) , have developed a line of thought which, based on the genetic underpinnings of a trait, makes inferences about past selection. Stabilising favours either high or low expression, and disruptive selection favours more than one expression, usually both the high and low extremes. The genetic effects of these kinds of selection differ widely. We focus on the former two. Diagnostic features of stabilising selection are linkage of increasers with decreasers and either the absence of dominance or the presence of ambidirectional dominance. The broad heritability tends to be equal to the narrow. Any epistatic interactions will be small, ambidirectional, and therefore selfcancelling. Diagnostic features of a trait with a history of directional selection are a large directional dominance and low levels of additive variation. The narrow heritability is low as compared to the broad.
We hypothesise an evolutionary history of stabilising selection for mouse exploratory behaviour since, if a mouse enters a completely novel environment, it will be important to collect much information in a short time but very high exploration levels will render the animal more vulnerable to predation. In order to have an opportunity to make inferences about the evolutionary past and the adaptive value of the phenotypes concerned, we assayed their genetic architectures by employing a 4 x 4 diallel cross, replicated five times, supplemented by a classical Mendelian cross between two inbred strains which are known to differ markedly in level of exploratory behaviour (van Abeelen, 1974 ). The diallel cross (Hayman, 1954a, b) has been used widely to analyse the genetics of diverse traits in plant breeding (Mather and Jinks, 1982) , behavioural studies (e.g., Broadhurst, 1960; Godoy-Herrera et a!., 1984) , and animal physiology (e.g., van der Laarse et al., 1984) .
MATERIALS AND METHODS (I) Mice
Litters used in the classical cross were the first, second, or third litter of a particular dam. For the diallel cross we used only second litters. In both crosses, to randomise possible postnatal maternal effects, almost all newborn pups were fostered to lactating mothers from a random-bred stock. Male litter mates were housed 2-5 in plastic breeding cages with a metal cover and a bedding of wood shavings. Individuals were marked with a purple dye for identification. The cages were cleaned once a week. Food pellets (Hope Farms) and tap water were always available. At the age of 4-5 weeks, the animals were dipped in an ectoparasite-killing solution. They were maintained in an air-conditioned mouse room (21°C) where an 11 L: 13 Dschedule prevailed. In the autumn and winter, lights were turned on at 07.00 hours, whereas in spring and summer lights were turned on at 06.00 hours (MET).
For the classical cross the following numbers of males were used: C57BL/6J//Nmg, 59;
DBA/2J//Nmg, 54; F1 (= DB), 53; F1 (= BD), 41; F2(= DB x DB), 70; B1 (= DB x B), 64; B2 (=DB x D), 70. The first three generations were bred and tested first. As parentals for the diallel cross we chose the inbred strains C57BL/6J//Nmg (B), DBA/2J//Nmg (D), C3Hf/St//Nmg (H; Staats, 1980) , and CPB-K//Nmg (K; contrary to Staats, 1976 , this is not an albino strain). The diallel comprised 300 animals from 100 litters in all. From all 16 possible crosses one litter (hybrids) or two litters (inbreds) were raised simultaneously, constituting one replication or block. Five such replications were bred consecutively. Three males from each litter were observed in the open-field.
(ii) Observation
The novel environment was an illuminated openfield, measuring 109 x49 x49 cm, with a transparent front pane. Against the back wall, 5 cm above the floor, a prismatic metal object, measuring 12 x 12 x 7 x 7 cm, was attached, providing the mice with an opportunity for exploratory object-leaning and object-sniffing. Behavioural components were defined as follows: Locomotor activity: the number of line crossings, disregarding the tail. Rearing: standing upright on the hind legs, while the forepaws are not touching any surface. Leaning: leaning against the wall; standing on its hind legs, the mouse places one or two forepaws against the wall. Leaning is often but not always combined with sniffing at the wall. Object-leaning: one or two forepaws are placed against the object; this posture is not always combined with sniffing at the object. Sn(ffing: the nose is held close to a particular spot while movements of the nasal skin take place. Doing this, the animal may be moving. Object-snfflng: the nose is held close to the object or is actually touching it, showing the characteristic sniffing movements.
Jumping: all four legs simultaneously lose contact with the floor. Gnawing: occasionally animals gnawed at edges of the floor and walls. This was recorded if it was audible. Defecation: recorded by counting the boluses deposited. Urination: the presence or absence of urine was recorded after each session. Grooming: these activities included face-cleaning, fur-licking, and scratching. Freezing: the animal is, apart from breathing, completely motionless.
(iii) Analysis
The scaling procedure applied has been described by Crusio et aL (1984) . Briefly, the homogeneity of the variances of nonsegregating generations was evaluated by means of Barlett's test. Further, Pearson product-moment correlations between means and standard deviations, means and variances, and squared means and variances were calculated in order to check for any systematic covariation between these measures. Because the nonsegregating generations had population sizes of less than 50 litters, no test for normal distributions of the data was performed; only a visual inspection was possible. A scale was judged appropriate if none of the mentioned tests, that is, Bartlett's test and the three different productmoment correlations, was significant and the data appeared to be normally distributed._Transforma-tions used were In (x+ 1), /+'J(x+ 1), 1/(x+ 1), and the untransformed scale. For the diallel-cross analysis we used the log (x+ 1) transformation instead of ln (x+ 1) and, in addition, the x1"3 and x2 transformations. An adequate scale could not always be found. In such cases a scale was chosen that violated the tested assumptions as little as possible.
A model comprising seven parameters is necessary to describe all variation between the generations of our classical cross ( 
C57BL/6(B) nonsignificant, epistasis is assumed to be absent. The procedure, with a worked example, is presented in full by Gale et al. (1977) and Mather and Jinks (1982) . This test can easily be expanded to more complex models. Kerbusch et al. (1981) used this property in their model-searching procedure, in which a joint scaling test is applied to all possible models, with some restrictions.
The analysis of variance and the variancecovariance analysis of the diallel cross followed the methods of Hayman (1954a and b) described in detail by Crusio et a!. (1984) . RESULTS 
AND DISCUSSION
The results of the behavioural observations are arranged in tables 2 (classical cross) and 3 (diallel cross). The findings from the model-searching procedure as applied to the data from Rearing A strong reciprocal effect was detected in the diallel in such a direction that hybrids tended to phenotypically resemble the maternal strain. All analyses indicated epistatic interactions. The diallel cross suggests directional Jumping The diallel cross points to directional dominance for high scores but the large epistatic effects render this finding doubtful and do not allow firm conclusions to be drawn on the nature of the genetic architecture.
Gnawing Dominance and duplicate epistasis emerged from the classical cross. The diallel cross detected directional dominance for low scores, whereas the classical cross revealed directional dominance for high untransformed scores. Hence, dominance must be ambidirectional Epistasis appeared in the cross between C57BL/6 and DBA/2 but, according to the diallel cross analysis, it turns out to be of minor importance. Defecation The classical-cross analysis revealed no significant dominance, contrary to the diallel cross where ambidirectional dominance was found. However, the [il-type epistasis occurring in strains C57BL/6 and DBA/2 might mimic dominance effects and, moreover, epistasis is large enough to be detected in the diallel cross. Thus, no further conclusions can be drawn on the genetic architecture.
Urination Only residual dominance effects came up in Hayman's ANOVA. This is not in accordance with the results of the V: W analysis, because the correlation between the parental values and W+ V is highly significant. This would indicate dominance in the direction of low transformed scores (that means: high untransformed scores). However, the dominance order is B-D-H-K, which is not the same as the phenotypical rank order of the strains. Significant strain differences being absent, dominance seems ambidirectional. Dominance and duplicate epistasis were the only effects seen in the classical cross. A genetic architecture of ambidirectional dominance and a relatively low degree of duplicate epistasis seems acceptable.
Grooming frequency The Hayman analysis shows additive genetic effects and dominance, but the nature of the dominance is not revealed. The values of W+ V did not correlate with the parental values. The genetic architecture comprises additive genetic variation and ambidirectional dominance. 6-83* Abeelen, 1974) points to a polygenic system. Simmel and Bagwell (1983) claimed that exploration, contrary to general activity, is under monogenic control. They based their assertion on the findings of Oliverio et aL (1973) and van Abeelen (1975; 1977) . The conclusions of Oliverio et al. (1973) were heavily criticised by Lush (1981) . Van Abeelen's experiments made unifactorial control of the differences in activity and exploratory rearing between the inbred selection lines SRH and SRL very likely. The selection procedure establishing these strains, however, was specifically designed to isolate as few genetic factors as possible, a point misunderstood by Simmel and Bagwell (1983 . In the present study, however, these tests proved to be always in accordance with the analysis of the means. This discrepancy must be caused by using incorrect weights, not only in Cavalli's joint-scaling test, but also in Mather's ABC-tests. An evolutionary history of stablising selection is inferred for some phenotypes that cannot be classified as exploratory: locomotor activity, grooming frequency, and grooming duration.
Locomotion need not be directly related to exploration (Simmel and Bagwell, 1983) . In exploring novel surroundings, oriented locomotor activity is necessary but random activity could detract from exploration and then be unfavourable. The results were exactly as we would expect, namely an evolutionary past of stabilising selection for locomotion. The situation for grooming is different. When entering a novel environment, low levels are advantageous for the animal. In fact, the bulk of its grooming activities is executed near the end of the observation session, i.e. after the novel environment has, at least in part, been explored. This agrees with the stabilising selection inferred for grooming. The present biometrical-genetic investigation
shows that an evolutionary past of stabilising selection can be inferred for mouse exploratory behaviour in a novel environment. As put forward in the introduction, the adaptive significance of intermediate levels of exploration probably rests on efficient gathering of useful information about the environment, on the one hand, and avoidance of predation, on the other.
